Abstract. The cerium effective valence was investigated by means of CeL 3 -XANES spectroscopy in some intermediate valence Ce-based systems with different magnetic ordering mechanisms: CeNi doped with Nd, Pr and Gd in the temperature range 5-300 K, and Ce 2 Fe 17Àx Mn x intermetallics. The dependences obtained are considered within the frames of generally accepted mechanisms of rare-earth ions intermediate valence states. Possible correlations between the cerium effective valence and the magnetic properties of compounds are also noted.
Introduction
In rare-earth (Ce, Sm, Eu, Tm, Yb) compounds the f -electrons are characterized by a small binding energy, which causes their transfer into the conduction band. But the strong on-site Coulomb interaction prevents this transfer. Counteraction of the opposite trends to localization and delocalization of f -electrons in rare-earth compounds leads to a high density of states near the Fermi level and to a great variety of physical effects. There are intermediate valence states (IV), the Kondo effect, the heavy fermion state and different kinds of electron instabilities among them. These properties are in strong dependence of the chemical environment, of external pressure and temperature.
In this work the cerium effective valence was investigated by means of L 3 -XANES spectroscopy in some intermediate-valence Ce-based systems with different magnetic ordering mechanisms: CeNi doped with Nd, Pr, Gd, and also Ce 2 Fe 17Àx Mn x intermetallics. L 3 -XANES spectroscopy is based on the electron excitation from the 2p 3=2 core level to the 5d -valence orbital. The increase of the valence shifts the absorption edge position to higher energy. In the intermediate valence compounds the peak in the absorption spectrum is split because of the two-way electron excitation, corresponding to the different valence states. The characteristic time of fluctuations between these two states is about 10 À13 -10 À14 sec.
[1] As it is assumed nowadays, the intermediate-valence state of Ce in intermetallic compounds with d-metals is not specified by a 4f ! 5d electron transfer like in other unstable valence lanthanides, but more likely by delocalization of the 4f states itself due to 4f wave functions overlap in the different sites [2] . Hybridization between the conduction band and the 4f -electrons and hence the rare-earth effective valence increase are usually caused by applying either external or "chemical" pressure to the intermediate valence compound. The latter so called crystalchemical compression is usually achieved by the substitution of the initial rare-earth with an ion of smaller radius. At the same time, the value of valence itself is defined by another mechanism. In compounds with 3d metals the presence of an ionic component in the interatomic interaction might influence the rare-earth valence [3, 4] . It depends both on the difference between the rare-earth and the 3d element donor and acceptor properties, such as electronegativity, and the compound's structural peculiarities, such as the number of 3d atoms in the rare-earth environment and the interatomic distances. Besides, the CeNi-based compounds are subject to the hydrogenation which causes the formation of various hydrides (CeNiH x , CeH x , etc.) as well as other CeNi x phases, and stabilizes the 4f 1 or trivalent Ce state [5] .
The recent experiments on pseudo-binary non-magnetic CeNi-based compounds with Ce substitutions by Gd and Pr showed that the partial delocalization of the cerium 4f -electrons led to a significant increase of the Curie temperature for the Pr and Gd substructures [6, 7] . It is known that Kondo interactions and indirect exchange interactions (RKKY) are general competitors in formation of magnetic or nonmagnetic basic states in the strongly correlated electronic systems. However, Kondo interactions can cause the magnetic ordering in compounds with coexisting subsystems of ions with a valence instability and rare-earth ions with well localized magnetic moments. Concerning another type of systems, in which a cooperation between the rare-earth ions with intermediate valence state and the 3d elements takes place like in our Ce 2 Fe 17 compound, it is assumed that the type of magnetic state and Curie temperature result from the competition of positive and negative exchange interactions between the 3d metal atoms [8] . The phase diagram of Ce 2 Fe 17Àx Mn x is rather complicated: the basic magnetic state is ferromagnetic, but in the Mn concentration range x ¼ 0:5 À 1 it is helical antiferromagnetic [9] . One reason for the non-monotonous dependence of the magnetic parameters can be an instability of the Ce atom valence state: the Ce 4f electronic state throughout its hybridization with 3d-electrons of Fe and Mn can influence the magnetic state of the whole compound. This is one of the problems the present work is also intended to clarify. The ingots were homogenized at 1450 K for 9 h and then quenched in water. To check the purity the X-ray diffraction experiments were carried out on the powder samples at room temperature on the diffractometers STADI MP and DRON UM1 with CuK a -radiation. No extraneous phases were detected in the CeNi-based samples. Whereas, all the Ce 2 Fe 17 -based samples have the 2 : 17 phase and a small amount of the undissolved a-Fe less then 4%.
Experimental
L 3 -absorption spectra (L 3 -XANES) of the Ce compounds (Gd,Pr,Nd) x Ce 1Àx Ni were collected at beamlines E4 and C of the synchrotron center HASYLAB, DESY (Germany, Hamburg), in the total fluorescence yield mode at different temperatures in the range 5-300 K. Additional data were measured at the KMC-2 beamline of BESSY II (Germany, Berlin). Spectra of the Ce 2 Fe 17Àx Mn x samples were collected at room temperature at the experimental station "Structural Materials Science" of KCSR and NT (Russia, Moscow) in transmission mode.
Results and discussion
The normalized CeL 3 edge steps of the Gd x Ce 1Àx Ni X-ray absorption spectra of compounds with maximal ðx ¼ 0:05Þ and minimal ðx ¼ 0:85Þ Gd concentrations obtained at room temperature are presented in Fig. 1 . All spectra obviously contain one strong peak A at an energy $ 5723:5 eV that corresponds well to the CeL 3 absorption edge for the trivalent electronic configuration. The Ce 3þ and Ce 4þ contributions are almost unresolvable because the tetravalent component is very weak. The amplitude of the main peak increases with the Gd concentration and the partially resolvable component B appears at an energy of $ 5732 eV corresponding to the Ce 4þ contribution. The unidentified week peak C at $ 5735 eV is the best resolved in the spectrum of Gd 0:05 Ce 0:95 Ni as in spectra of all CeNi-based compounds with a small dopant concentration. Since the Ce 4þ contribution is very weak, it overlaps with peak C, which makes precise spectra decomposition difficult. Besides, the amplitudes of all CeNi-based spectra are affected by the self-absorption to a variable degree. This is due to the samples specific character and fluorescent measurement mode but should not affect the ratio of different valence components. CeL 3 -XANES spectra of few Ce 2 Fe 17Àx Mn x samples are shown in Fig. 2 . Hear both the Ce 3þ and Ce 4þ components are clearly resolved, which apparently comes from the greater tetravalent contribution.
Ce valence in intermetallic compounds by means of XANES spectroscopy Unlike the CeNi-based spectra, Ce 2 Fe 17Àx Mn x do not demonstrate the third contribution. Additional calculations of the absorption step with the FEFF8.20 code [10] have shown that this spectral feature is caused by the effects of photoelectron multiple scattering in crystalline environments of Ce, which are obviously different in two compounds. Such effects are significant just in the near edge region of XAFS spectra. In the present work the extraction of different cerium valence components and evaluation of their contribution into the L 3 -XANES spectrum was performed using the conventional fitting of complicated "white lines" with combinations of Lorentzian and arctangent curves of constrained widths and energy positions [11] after the polynomial background removal from the experimental spectrum. The analytic functions obtained were convoluted with the Gaussian of width 1.60-2.50 eV to take into account the additional experimental broadening. In this approach the amount of Ce ions of each valence state is assumed to be proportional to the area under the corresponding Lorentzian curve. The example of the absorption peak decomposition into the Ce 3þ and Ce 4þ components for Gd 0:85 Ce 0:15 Ni is shown in Fig. 3 . The amplitude of the tetravalent component is a few times lower than that of the trivalent one. Also note, how broad both components are.
The total width of each valence component turned out to be $ 5:5 eV, where $ 3:5 eV is the natural width of L 3 level [12] and $ 2 eV is the experimental broadening. The energy gap between the two components is $ 9 eV. Therefore, peaks overlap strongly and unambiguous extraction of two spectral contributions is rather difficult. To solve this problem several decompositions of each spectrum were made with slight variations of the fitting parameters, such as Lorentzian or Gaussian widths, a gap between two components, etc. Thus, statistics were collected to refine the valence values. This technique was especially useful for resolving the CeNi-based spectra since the tetravalent component in these compounds is quite weak.
The concentration dependences of the cerium effective valence in the CeNi-based compounds (Fig. 4 ) are in agreement with the previous ones for similar systems [13] . For the lowest Gd dopant concentration x ¼ 0:05 the cerium effective valence in Gd x Ce 1Àx Ni is $ 3:07. With a Gd concentration increase till x ¼ 0:85 the valence is increasing monotonously to $ 3:15. Such a behavior of the cerium effective valence is determined by the difference between the ionic radii of cerium and gadolinium. The Gd dopant is characterized by a smaller ionic radius. Its insertion leads to the crystal-chemical compression of structure which causes delocalization of the 4f states and an increase of the cerium effective valence. In the case of Nd x Ce 1Àx Ni the Ce valence changes from $ 3:09 at x ¼ 0:25 to $ 3:16 at x ¼ 0:8. The pronounced difference between the dependences for the Ce substitutions by Gd or Nd in the middle concentration range apparently arise from the larger ionic radius of neodymium which can not apply such a strong chemical pressure to the structure as gadolinium. The final Ce valence $ 3:16 is similar for both dopants and might be the largest cerium effective valence obtainable in such CeNi-based compounds at room temperature. Praseodymium ions are of almost similar ionic radius as cerium ones and don't apply significant chemical pressure to the structure. Therefore, the cerium valence dependence in Pr-doped CeNi lies below the Gd and Nd curves. It is notable that in all compounds cerium never reaches the integer valence 3þ, hence the magnetic ordering should occur mainly in the Gd-, Pr-, Nd-substructures [6, 7] .
The concentration dependence of the cerium valence in the Ce 2 Fe 17Àx Mn x intermetallics at room temperature is shown in Fig. 5 . In initial Ce 2 Fe 17 the cerium effective valence is $ 3:34 which is in good agreement with the data previously [14] obtained with the similar technique in another Ce 2 Fe 17 -based system. This value does not considerably change with the substitution of Fe by Mn. It is explainable as the total concentration of Mn in all compounds is not large in comparison with the Fe content, and hence there could be no significant change in the ionic interaction affecting the rare-earth ion. The larger value of the valence than in the CeNi-based samples is also consistent with the conception of ionic interactions 
Conclusion
The cerium effective valence behavior in (Gd,Pr,Nd) x Ce 1Àx Ni generally confirms the theory assuming the crystal-chemical compression to be the main driving force of the rare-earth ions valence state change. Whereas, the dependence of the Ce effective valence in Ce 2 Fe 17Àx Mn x and the difference from the CeNi-based case do not contradict to the assumption that the presence of ionic components in the interatomic interaction might influence the rare-earth valence in compounds with 3d-metals.
In all CeNi-based compounds cerium is in an intermediate valence state and the magnetic ordering really should occur generally in the dopant's substructure [6, 7] . While the assumption about the connection of the magnetic properties and the Ce valence state in Ce 2 Fe 17Àx Mn x intermetallics seems to be disproved at least at room temperature by the absence of correlations between the type of the magnetic state and the valence dependence. For the better clarification of this connection XAFS studies at low temperatures and also with magnetic circular dichroism are desirable. 
